The traditional value chain has changed under the influence of globalisation, lean thinking and the value leverage towards suppliers in the supply chain. The leverage of value by the focal OEM-company (Original Equipment Manufacturer) to the supply chain has caused the focal OEM-company to transform into a LargeScale System Integrator (LSSI). The LSSI was defined according to the definition of Petrick (2007) . Indicators that measure the value-leverage by these LSSI companies have not been found in literature. This paper describes indicators that measure value-leverage and illustrates that LSSI companies in the aerospace industry have a value-leverage capability, using these indicators.
Introduction
Value has been a natural phenomenon to express the perceived usefulness of a product or service at a specific moment in time for a customer. Added value was an economic term to express profit that is generated by the focal firm. Creating profitable value used to be a measurement of wealth for a company. The profit came from either the customers paying a price or the suppliers causing costs for the focal firm. The authors describe value-leverage as the capability of a Large Scale System Integrator (LSSI, the focal firm) (Petrick, 2007) to generate value by 'producing' a part of the total demand value of the chain and lever the remaining value on the supply chain. In this way, the supply chain 'produces' the remaining part of the total value. Levering value to the supply chain includes risk-sharing suppliers that are involved in the co-development and co-production (Chesborough, 2003) . The LSSI company contributes with its own unique value such as technology development and integration, and interacts as a 'value flow processor' between demand and supply to process the 'inflow' of value towards suppliers and the 'outflow' of value towards the customers. Creating profitable value nowadays requires a balance between what the customer wants (demand chain), the focal company unique value contribution (own chain), and the suppliers (supply chain). The focal LSSI company leverages value on suppliers to satisfy the demand by customers. The research complies with the Supply Chain Operations portfolio of the Delft Centre for Aviation, a department of the Technical University of Delft. Therefore this papers deals with Aerospace industry. During the preliminary research it was discovered that there were no indicators for measuring the value leverage effect of aerospace OEM's and aircraft LSSI's. That is why this paper reports on the research into the value leverage measurement, describing next to the found indicators also the principles behind it. The following main research question was the starting point of the research;
How to measure value-leverage by Large Scale System Integrators in the aerospace industry?
Based on this main research question three sub questions steered the research:
1. What indicators do express value-leverage? 2. Are these indicators related? 3. Can these indicators measure the value-leverage capability of LSSI's in aerospace industry?
The research questions are answered through applying the following methodologies: As the preliminary research (literature and open interviews) indicated that there were no measurements available for value leverage in supply chains, a literature research was conducted to find indicators that express value leverage in general. This resulted in an answer to research question one. For measuring the relation between the indicators (question 2) the publicly available data from the years 1996 to 2009 of Aerospace OEM (Original Equipment Manufacturers) were analysed. The year 1996 was chosen because earlier yearly reports did not indicate the number of employees (for all of the companies analysed). The year 2009 was chosen for availability reasons (not all 2010 reports were out while writing this paper). The actual relation between the indicators resulted from the linear least square analysis and time effects in the whole sample (at industry level). The methodology is illustrated in detail in section 4. To answer the third research question 'time' is used as a variable. The idea was that plotting the time curves of the indicators of all the companies in the sample, over the same period (1996 -2009 ) could show (measure) the effects on value leverage by the LSSI's.
The structure of this paper is as follows. First some introductory remarks are made, positioning this research and giving definitions of LSSI's and other words used. In section 3 the indicators are shown, giving the answer to research question one. Section 4 describes the relationship between the variables on an industry level (answer to sub research question 2). Subsequently the time effects are described in section 5 with testing time curves for the sub group aircraft LSSI's. The paper ends with conclusions, limitations and recommendations for further research.
Introductory remarks
In this section some definitions are given and is the research positioned.
Positioning the LSSI company
Researchers observed that during the last years, competition in the manufacturing industry changed from competing companies to competing supply chains or networks. The networks a company operates in are the driving factors to success or failure. In the past, the trends in the manufacturing industry showed an evolution in the configuration and management of a production network. Especially for the integrator, strategies to maintain competitive power changed to different focal company areas. Core competencies of the LSSI are sharing knowledge, collaboration skills, product vision and market knowledge. Consequently, tier 1, 2 and 3 suppliers gain influence as risk, responsibility and revenues flow upstream the supply chain or network in the aerospace industry (figure 1) as researched by Petrick (2007) . Esposito and Raffa (2006) defined the term large-scale systems integrator. As aerospace manufacturers are increasingly focusing on the product integration aspect of the supply chain, they are becoming a 'total' systems integrator. They move their primary activities towards program coordination, concept development of the total system, final assembly and interaction with the market (e.g. airlines and governments). So, a further shift of responsibilities and risks to first tier suppliers is recognized. Suppliers moving from short-term service providers to long-term partners in the supply chain (or supply network). The resulting position of the aerospace OEM's is the large-scale systems integrator position, integrating modules, subassemblies and special components into an aircraft.
Value-leverage
The definition of value leverage starts with the explanation of he principle of 'lever'. In physics, a lever is a rigid object that is used with an appropriate fulcrum or pivot point to multiply the mechanical force (effort) that can be applied to another object (load). This leverage is also termed mechanical advantage, and is one example of the principle of moments (originated by Archimedes). Mathematically, the principle of moment is expressed by "torque = force x moment arm" where the force is always acting perpendicular to the moment arm. When projecting this metaphor to valueleverage, the LSSI company acts as lever between demand and supply, see figure 2. The LSSI levers demand value "F2" on suppliers "F1" by pivoting on the LSSI position A. The valueleverage on suppliers increases when the LSSI position shifts towards the right side from A to B or decreases the other way round.
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Figure 2: Value-leverage by the LSSI 2.3 Trends in supply chain management Trends in supply chain management showed an evolution in the configuration and management of a production network. Especially for the integrator, strategies to maintain competitive power changed to different focal areas. This was most evident in industrial sectors that had competed on economics of scale and whose OEMs have focused on core competencies while outsourcing non-core production (Hamel, Prahalad, 1990) . From this trend the production value shifted from the OEM towards the supply chain. This required a change in the roles and responsibilities of both the OEM and the suppliers categorised in first, second and third tier suppliers. Tier-1 suppliers increased their contribution due to their key role in manufacturing of components and subassemblies forming subintegrated systems. This tier structure is introduced by Toyota Motor Corporations and researched by Womack, Jones, and Roos (1990) with their publication "The Machine that Changed the World".
Another trend was the increased competition due to consolidation in the aerospace industry and the increased demand for aircrafts because of improved affordability by the customers for travelling by air (Smith, Tranfield, 2005) . The increased competitive pressure had forced the aerospace companies to focus more on cost reduction and innovation. Vertical integration had long been the dominant way to organise supply chains in the aerospace industry. The balance of power remained at the prime contractors (i.e. the integrators) level. The trends in the aerospace manufacturing industry showed that the industry was challenged by the drive to make operations lean (Murman et. al., 2002) . It was stated in this respect that a lean organisation is more flexible and adaptive. A lean organisation resulted also in lower costs and more innovations (Smith and Tranfield, 2005) . Prime contractors or integrators were seeking partnerships with their suppliers as they view partnerships as an alternative to 'make' in the 'make or buy' decision. In addition partnerships can be seen as an alternative for vertical integration (Leenders et al., 2006) . Characteristics of these enhanced partnerships were researched by Lamming (1993) and Tidd et al. (2001) . They identified that partnerships were developed to reduce the supply base for the main contractor, to involve partners in the development of products, to increase cost transparency and learn together.
Companies were seeking to innovate with research partners to guarantee business continuity. Consequently, suppliers are now being tasked with the design and the production of subsystems by these integrators. The added effect, according to Reed and Walsh (2002) , was that the responsibility of creating new technologies and innovations for these subsystems was being transferred as well. To ensure that their products kept competitive edge in the market, the integrators were forced to seek suppliers, capable of collaborative innovation, to guarantee business continuity and profitability. As described by Chesbrough (2003 and , company boundaries become more open to increase competitive advantage. Closed innovation is considered to represent the old strategy for research and development, while open innovation provides better opportunities to leverage knowledge on the value network. Benefits and drawbacks of co-innovation were explored and supported by qualitative data (Bossink, 2002) . In co-innovation and development, investment and risk-sharing partners were involved in the development of cars and aircraft from the very start (Beelaerts, Verhagen, Santema, 2008) . They did describe indicators that measure the value-leverage on product level.
Trends in the aerospace industry identified aerospace LSSI's are leveraging value on suppliers. Three academic fields were found to be involved: supply chain management and lean manufacturing, open innovation and value networks. In the next section these academic fields were used to search for indicators expressing value-leverage on LSSI level, with focus on the aerospace industry in line with the research by Petrick (2007) . The next section describes the answer to the first sub research question; 'What indicators do express value leverage within the aerospace industry?'
Indicators for value leverage
In this section the indicators that express value leverage are described, using the three academic fields described above.
Indicator that results from 'Lean manufacturing and supply chain'
The Toyota production system (TPS) has been developed between the fifties and eighties of the last millennium. It brought a new approach on how to organise an efficient, effective, and flexible production system that is adaptive to fluctuation of customer demand. At the end of the eighties of the last century, the main differences between Toyota's TPS, the European automotive industry, and the North American industry were written down in the publication "The machine that changed the world" (Womack, 1990) in which the principals of the TPS were abstracted into "Lean Manufacturing". In this publication, it was stated that both the North American and the European industry had assumed and accepted the mass production theory and had perfected it. Instead, Toyota had used mass production as a starting point from where it developed TPS. MIT defined "Lean manufacturing" as a unified, comprehensive set of philosophies, rules, guidelines, tools, and techniques for improving and optimising discrete processes. It is a process-based view. Projected at company processes it is meant to increase the flexibility and to reduce the waste of any process. According to MIT, lean production is aimed at the elimination of waste in every area of production including customer relations, product design, supplier networks and factory management. The goal is to incorporate less human effort, less inventory, less time to develop products, and less space to become highly responsive to customer demand while increasing value add by producing top quality products in the most efficient and economical manner possible (Womack 1996) . The effect of re-designing processes with value added focus is mostly the reduction of own manufacturing activities (Arnold, 2000) by elimination of waste, continuous improvement, multifunctional teams, vertical information systems, decentralised responsibilities and pull instead of push. From a waste perspective the employee emerges as indicator for value add. Suppliers were involved in the production of aircraft, rationalising the supply chain by reducing the number of suppliers was effective to improve the flow of just in time supply with lower stock levels.
Choi (2005) reasoned that supply base complexity is related to four key areas: transaction costs, supply risk, supplier responsiveness, and supplier innovation. Transaction costs can be lowered and risks be mitigated, responsiveness can be improved and innovation can be stimulated. Processes need to be improved continuously to reduce complexity, reduce non-core manufacturing activities, eliminate waste and focuses on value add and non-value adds to improve flow (Arnold, 2000) . When elaborated and tailored, Kraljic's (1983) portfolio approach, allows for sufficient guidance for developing effective purchasing and supplier strategies (Gelderman & Van Weele, 2002) . Purchasing skills and function respectively, have not only been related to purchasing value leverage, but also to the firms value leverage as a whole and have been proven to affect both (Carr & Smeltzer, 2000; Carr & Pearson 2002; Cousins et al., 2006; Eltantawy, 2005; Stolle et al. 2006) . The shift to strategic suppliers/partners involves a much tighter cooperation between the companies ( . This is also recognised by Cousins (1999) . Supply base delegation reduces the risks involved in reducing the number of suppliers in the supply chain using single sourcing. Cousin's reasons that companies that wanted to apply supply base delegation should carefully select the suppliers that they choose to delegate activities to. However, a supply base delegation strategy can cost significantly more than a supplier reduction approach, but will be more rewarding in the long-run. Dubois (2003) also found that high involvement with a limited number of suppliers was the preferred method of sourcing materials. It was stated that such an approach could stimulate joint learning about the cost structures and the complex interdependence that take place among them. This may improve the potential for extensive cost rationalisation compared with strategies based on low involvement and price pressure. Involvement of suppliers is a crucial aspect with the theory of Lean manufacturing. Suppliers are coinvesting and co-developing new designs (Clark, Ellison, 1995) and supplying just in time complete sub systems to the integrator. A study of the car manufacturer market, using data obtained in the International Motor Vehicle Program (IMVP) as performed under the auspices of the Massachusetts Institute of Technology identifies and quantifies supplier involvement and benefits. The main source of information is an IMVP publication from 1995: Product development performance in the auto industry: 1990s update by Clark, Ellison, Fujimoto, and Hyun. These research papers give the compiled results of respectively 29 and 28 product development programs in the 80s and 90s car industry, which are adjusted for product complexity and summarized per region. The results are given in terms of various parameters. Clark, Ellison et al, 1995 have identified Project Strategy Variables expressing the contribution of value by suppliers for co-development of sub systems expressed in man-hours. The employee emerges from this research as a basis for an indicator expressing valueleverage for co-development and co-production. As a result of co-production Toyota produced in the 1960 only 27% of the total value of the car while Western suppliers (USA and Europe) produced 90% of the value of the car. This confirms the shift of development and production value from Toyota towards suppliers. The turnover per employee (T/E) emerged from the research by Clark and Ellison (1995) as indicator to measure value-leverage on configuration of the supply chain.
Indicator that results from 'open innovation'
Chesbrough ( Outbound innovation suggests that companies seeks for external organisations with business models that are better suited to commercialise a given technology, rather than relying on internal paths. Inbound innovation suggests that companies can use the research discoveries of others, using their own marketing channels, rather than relying only on its own research and development. Gassmann and Enkel (2005) identified a third type of open innovation, which is a combination of both practices, for which knowledge is transferred through the company. Open innovation must be one of the core principles in the new role of the integrator in a supply network, leading to a change in research and development strategy.
Currently, industries are strained that profit can only be made through an innovative approach to products and business processes. Zegveld (2006) argues that although technology is a relevant aspect of corporate change and corporate success, technology itself has no value; it is the context of its application that generates value and competitive advantage. Technology has an extensive impact on society and the economy. The organisation's ability to continuously innovate its products and business model is essential to the future success (Menzel, Aaltio, Ulijn, 2007) . In the field of research and development, production networks increasingly collaborate with external research institutes and universities, to explore, share and exploit research outcomes. Due to these changing innovation strategies, research and development strategies change as well. This leads to e.g. the involvement of public research centres in a company's R&D strategy, the involvement of entrepreneurs and small and medium enterprises. Pam (2010) reported that IP-intensive industries spent almost 13 times more on R&D expenditure per employee than non-IP-intensive industries. Conception of new products by open innovation emerges in the indicator R&D per employee.
Indicator that results from 'value network'
In a networked economy the focal firm is part of a value network. Major companies pursuing several, often interrelated, businesses are generally involved in many strategic nets, either in an integrator role (hub firm) or in various partnering roles for other hub firms e.g. technology partner, component supplier, distributor partner (Möller & Svahn, 2003) . The value network system as proposed here comprises all possible relationships brought in by the focal firm. The focal firm acts as an integrator of the supply side and the demand side. The effectiveness of a business organisation is thus given by its capacity to acquire resources through exchange with other parties in its context (Håkansson and Snehota, 1989) . The configuration of the network system happens together with all partners involved. It is therefore the activities taking place between the organisation and the other parties, rather than activities within the organisation itself, which are the determinants of the bargaining/competitive position and the overall effectiveness of the organisation in achieving its goals (Håkansson and Snehota, 1989) . Möller and Svahn (2003) argue that by developing specific networking capabilities, firms are able not only to transfer complex knowledge, but also co-create new resources through intentional business nets. It is through its relationships with others that the distinctive capabilities of an organisation are acquired and developed. Interaction regards how organizations manage the flow of goods and information between them and influences the development in a network structure (Huemer, 2004) . Sanchez (2002) framed capabilities as repeatable patterns of action in use of assets to create, produce / offer products to a market. Capabilities arise from the coordinated activities of groups of people who pool their individual skills in using assets. From this reasoning the employee emerge as the factor, which influences value-leverage. According to Lovell (2007) the employee represents the value driver to develop and establish relations to built networks and exchange knowledge for continuous value creation for the customer. Lovell (2007) identified the effectiveness of the people/employee in terms of profit per employee (P/E) from this value network perspective. The effectiveness of the employee emerged to quantify the value-leverage capability of a LSSI from a continuous value creation perspective. Value network theories result in the indicator Profit per employee.
The indicators
The following three indicators were found:
1. Turnover per employee (T/E).
R&D per employee (RD/E). 3. Profit per employee (P/E).
Turnover per employee Turnover per employee (T/E) indicates the ability of a company to leverage its assets and resources on the supply chain as most of the production value is for a large part transferred to the suppliers, also called co-production. Through co-production the LSSI can reduce cost and increase value-add, if the supply complexity can be reduced (Choi, 2005) . The ability to share development and operation processes reflects how well the value network is configured. Turnover per employee is used to measure the configuration of the supply chain (Beelaerts van Blokland, W.W. A., et al, 2008) .
R&D per employee
The R&D expenses per employee (R&D/E) provide information about the focus on innovation within an organisation (Pam, 2010) . Research by Choi (2005) shows the relationship between complexity and supplier innovation. The development of new products can be done at lower costs through reduced complexity, by involving suppliers early in the development process. A time premium is anticipated on regarding the increase of value in shorter time (Odenthal, 2004) . In the research of Delft Centre for Aviation this is called conception.
Profit per employee
The Profit per employee is the indicator for the ability of a LSSI to attract market demand for the products or goods that are integrated. Customer pull is introduced into the chain to involve suppliers to co-develop and co-produce systems, and to supply the systems just in time to the LSSI company, which integrates the systems to the final product for supply to the customer, fulfilling market demand.
Determining the needs of the customer is of utmost importance for a company's continuity and profitability (Lovell, 2007) . The P/E gives an outlook on a company's ability for business continuity. A high P/E reflects that a company is able to add more customer value by leveraging value on the value network to secure continuity.
In order to measure the relationship between the indicators, the framework that is described in figure 3 is used. The triangle represents the lever; each of the corners represents the above-described indicators and the generic terms Configuration, Conception and Continuation. 
The relationship between the indicators
The second sub research question is: 'Are these indicators related?'. In this section the answer to this question is given. To find the relationship between the indicators, the framework of figure 3 was tested using the data of 41 Aerospace companies. In this section first the data set and second the methodology are described, next the results are shown.
Data set
The sample size for the aerospace industry consists of 41 companies for which data is found (N=41). Since many aerospace companies operate in many different industries, such as space and defence, only the aerospace business unit(s) of these companies has been considered. The aerospace industry is divided in three main groups: (i) aircraft manufacturers, (ii) engine manufacturers, or (iii) large suppliers.
The sample set was retrieved from the Top 100 Aerospace Companies compiled by aerospace experts at consultancy firm PricewaterhouseCoopers in Flight International (2010). The sample is chosen on the following criteria:
The company should have sales from aerospace activities in excess of $1 billion US dollars. Aviation Week (2010) also uses a minimum threshold of $1 billion dollars but includes nonaero sales too, (ii)
The company should be publicly listed, and (iii)
At least 20 per cent of the listed companies' sales should stem from these aerospace activities to assure any relevance with the aerospace industry.
A minimum turnover criterion is used to assure that lean manufacturing is applied at the focal company, since literature has shown that there is a positive correlation between company size and the implementation of lean manufacturing (Jusko, 2010; Lucey, 2008; Wong et al., 2009 ). The sample set (N=41), according to above criteria, is provided in table 1.
Method used Two analysis have been performed:
-On aerospace industry level (N=41) the indicators are measured over time for the industry as a whole and for the three groups separately
Configuration
T/E
Conception
RD/E
Continuation
P/E
Large Scale System Integrator -On yearly level (N=14, 1996 -2009 ) the relations between the indicators (see figure 3) are measured. Three relations of two indicators are shown in graphs for the industry as a whole. The variables are normalised based on the number of employees per company. The unit of measure is that of the United States Dollars (US$). Financial figures in the companies' annual reports not listed in US$ were converted using the US$ conversion rate at the end of each respective year. Two analyses have been made. In the first place on aerospace industry OEM level over de sample size covering the measured period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). In the second place between the indicators over the same period (expressing the time effects). Statistical analysis of the collected data is performed by means of a linear regression model for each time series. The results are shown in the graphs in sections 4.3 and 4.4. In order to assess the internal validity of this study, the statistical significance of the identified linear trends were tested through a two-tailed test at a level of significance of 0.05 (Field, 2009) . When the correlation coefficient (R) is greater than the critical value the indicator is statistically significant.
In table 2 the critical value for the aerospace industry level is given (for the analysis in section 4.3). The correlation coefficients are mentioned in tables 4, 5 and 6. In table 3 the same information for the relation between indicators over the years is given (14 years analysed). This critical value is used in section 4.4. The correlation coefficient is given in tables 7, 8 and 9. 
Results for indicators over time
Configuration
The aerospace industry trend shows statistical significance and was found to be positive (see Table 4 and figure 4). The indicator turnover per employee (T/E) over time shows for the aerospace industry an increasing leverage. The average line is increasing from $125.000 in 1996 towards $325.000 in 2009. 
Conception
The aerospace industry is higher leveraged on their R&D per employee. The indicator increases from $5.000 in 1996 to $16.500 in 2009. 
Continuation
The aerospace industry indicator profit per employee shows statistical significance (see Table 6 ) and shows an increase from $12.000 in 1996 towards $28.000 in 2009 (see figure 6 ). As such, the industry becomes more value-leveraged with respect to continuation. 
Conclusion on indicators over time
All the indicators show an effect over time indicating an improvement of value leverage of each respective indicator. This shows the leverage effect in the aerospace industry. 
Relation between the indicators over time
Turnover per employee versus profit per employee
This relationship shows the relation between the configuration of the chain and the continuation. In figure 7 it becomes clear that over time there is a steep increase in the relation and therefore a relation is assumed. 
Turnover per employee versus research and development per employee
This relationship shows the relation between the configuration of the supply chain and the conception. In figure 8 it becomes clear that over time there is a steep increase in the relation and therefore a relation between T/E and R&D/E is assumed. 
Profit per employee versus research and development per employee
This relationship shows the relation between the continuation in the chain and the conception. In figure 9 it becomes clear that over time there is an increase in the relation and therefore a relation between P/E and R&D/E is assumed. 
Conclusion on indicators
The conclusion on the relationship between the indicators is positive. A relation is found and thus the answer to sub research question two is: yes the found indicators are related in the Aerospace industry.
The analysis of the data shows the statistical significance of the relationships between the indicators continuation, conception and configuration. The significance is presented in the tables 7, 8 and 9. The relationship between the three indicators is shown in figure 13 . The relationship was found to be positive regarding the slopes in the graphs 7, 8 and 9. A sub conclusion is that the aerospace OEM industry has become increasingly value-leveraged over the measured period (1996 -2009 ) with respect to the three indicators continuation, configuration and conception and their relationship. Aircraft LSSI companies are further researched by preliminary testing the variables comparing aircraft LSSI companies on value-leverage performance. The investigated aircraft LSSI companies are (see table 1 ): 1) Boeing, 2) EADS, 3) Embraer, 4) Bombardier, 5) Lockheed Martin, 6) Northrop Grumman 7) General Dynamics 8) Dassault. The data were gathered from the annual reports and financial websites, providing enough data for the calculations of the T/E, P/E and RD/E. With the Least Squares Method, the R 2 was calculated from correlations between the time series of the variables. From this, the correlation coefficient (R) was calculated and compared to a critical value for different intervals (1%, 2%, 5%, 10% and 20%) and degrees of freedom (8 companies in the sample group leads to a ν of 6). The significance of the correlation is presented in table 10. Table 10 shows for the sub group of aircraft LSSI's [df =8-2=6] , that the relation T/E-RD/E is statistically significant with a significance level between 2% and 5%. The other relations are not statistically significant within a significance level between 2% and 5 %.
The correlations for the specific aircraft LSSI's are calculated regarding the value-leverage relations in LSSI's were ranked on their value-leverage performance measured by the correlation of the indicators: continuation, conception and configuration. A high score indicates the aircraft LSSI is beneficially leveraging value on the supply chain. The value is generated by the aircraft LSSI in a more stable manner; the value system is more in balance compared with lower scoring aircraft LSSI's. Score based upon significance level of critical value (Table 10) - 
Analysis of variables T/E -P/E for aircraft LSSI's
Figure (10) represents the variable T/E on the vertical axis ranging from US$100.000 to US$600.000 versus the variable P/E on the horizontal axis, ranging from US$ -/-2.000 to US$80.000, for a time series over the years 1996-2009. Embraer shows to be able to leverage the highest profit per employee P/E of approx. US$80.000 however, leverages average on the supply chain with a T/E of US$25.000, which is rather low.
General Dynamics and Lockheed Martin are leveraging on P/E between US$20.000 and US$35.000. On the supply chain these LSSI's leverage (T/E) between US$25.000 and US$42.000.
Dassault, Boeing and EADS are leveraging the highest on the T/E -P/E. Dassault seems to benefit the most from value-leverage for which support is found by the strong upward trend and correlation of the relation. The correlation values (table 11) for Dassault, Lockheed Martin and Boeing are ranging between R=0,63 and R=0,93.
The correlation of the relation T/E -P/E is statistically not significant for EADS (R=0,12), Bombardier (R=0,14), Embraer (R=0,14), General Dynamics and Northrop Grumman regarding the relation T/E and P/E ranging between R=0,52 and R=0,53. Interesting from this analysis is that Dassault, Lockheed Martin and Boeing were able to benefit more from value-leverage on the supply chain supported by high value-leverage values in combination with correlations. An explanation for this can be found in rationalization of the supply chain and market demand for the specific type of aircraft.
Analysis of variables T/E -RD/E for aircraft LSSI's
Figure (11) represents the variable T/E; on the vertical axis ranging from US$100.000 to US$600.000 versus the R&D value-leverage RD/E ranging from US$1.000 to US$33.000 on the horizontal axis, for a time series over the years 1996-2009. Analysing the relation between T/E and RD/E, shows that the average correlation is R=0,75, which is above the critical value of R and therefore significant within the 5% rate (table 10) . Dassault, EADS and Boeing are leveraging higher compared to the others of the group. This is possibly due to the development of the high value aircraft such as the Dassault 7X, Airbus A380 and the Boeing B787.
Bombardier, General Dynamics, Embraer and Northrop Grumman perform less on value-leverage. This can possibly explained by the fact that these LSSI's generate less complex aircraft and are positioned in smaller type of aircraft such as regional aircraft. Dassault, Boeing and EADS are able to leverage the most research & development in combination with the supply chain. The question rises, whether that is beneficial or not.
Analysis of variables P/E -RD/E for aircraft LSSI's
Figure (12) represents the value-leverage on market demand by the variable P/E on the vertical axis ranging from US$-/-10.000 up to US$80.000 versus the value-leverage on co-development by the variable RD/E ranging from US$1.000 to US$50.000 on the horizontal axis, for a time series over the years 1996-2009.
Figure 12: Profit Per Employee versus Research and Development Per Employee
A high RD/E in combination with a high P/E suggests these companies have a strong technology focus in combination with benefit of it over the time measured. Dassault, Boeing and EADS show to have a strong technology focus with an RD/E ranging between $20.000 and $30.000. Dassault is able to turn R&D into profit the best of the three LSSI's. Another cluster can be found with RD/E around $5.000 -$10.000 from which Embraer shows the highest P/E leverage on R&D. This can probably be explained by the involvement of suppliers co-investing in R&D with the development of new aircraft.
Dassault, Lockheed Martin and Northrop Grumman show a significant correlation ranging between R=0,76 and R=0,82, whilst Boeing, Embraer, Bombardier and EADS were statistically not significant due to fluctuation of data points with R values ranging between R=0,48 and R=0,04. EADS performs with a R=0,04 extreme low which suggests R&D and profit are "out of balance". An explanation can be found by the start-up problems with the Airbus A380 and later the Airbus A400M due to budget and time overshoots. Airbus and Boeing are developing and producing the largest and most complex aircraft compared to for instance Dassault, Embraer and General Dynamics.
Sub conclusion on the aircraft LSSI cases
With the variables it is possible to express the capability of the aircraft LSSI to leverage value. The average R value (AVR) is used to rank the LSSI companies on their value leverage performance. A high value-leverage (AVL) score (table 12 and 13) relates to high predictability of the value-leverage variables and the relation between variables. A low AVL score indicates the aircraft LSSI is less capable to leverage value.
Lockheed Martin and Dassault are scoring high on the AVL (table 13) , Boeing, General Dynamics and Northrop Grumman are scoring "medium", Bombardier, Embraer and EADS are scoring low.
The reason for different scores can be found in the scores of the relations between variables. For instance Lockheed and Dassault are both scoring significant correlations on the value leverage relations 1) P/E-T/E 2) T/E-RD/E and 3) P/E-RD/E. For the largest part of the group it seems the relations P/E-T/E and P/E-RD/E are statistically not significant. This can be explained by the problems these companies are facing with development and initial production of aircraft such as EADS with the Airbus A400M and the A380.
Conclusions
In this section the contributions to theory and to practice are described, as well as the limitations and recommendations of this study. The paper ends with a small reflection on developments with the new aircrafts A380 (Airbus) and 787 (Boeing).
Theoretical contribution
The employee is found by literature research to be the basis and denominator for the indicators continuation, conception and configuration to measure value-leverage by aerospace OEM companies. Value-leverage was measured with a group of 41 aerospace companies on the indicators; continuation, conception and configuration. Value-leverage was measured by the variables P/E, RD/E and P/E over a period of 14 years. For the group of aerospace OEM's the relations between the indicators are statistically significant.
For the sub group of aircraft LSSI's the correlations were not significant for the relations T/E-P/E and P/E-RD/E. On case level some LSSI's show to have a high correlation between value-leverage relations. This was found with LSSI's such as Dassault and Lockheed Martin. For some LSSI's such as EADS, Bombardier and Embraer, it seems indicators are not correlated; indicating value-leverage is not in balance. The sub group of aircraft LSSI's is analysed by taking the average R-value of the combined measurements per aircraft LSSI for value-leverage (AVL). Boeing has a score of AVL=0,60 which suggests value-leverage is higher compared to Embraer, with an AVL=0,27 and EADS, which scores an AVL=0,38.
It is confirmed aircraft LSSI companies were shifting value to "tier" suppliers as indicated by an increasing T/E. The shift of value was found by theories on lean manufacturing and supply chain. Aircraft LSSI companies, which have rationalised the supply chain benefit from the shift of value, which is indicated by the relation with the P/E, for the aerospace OEM industry and for some of the aircraft LSSI's specifically.
Regarding research & development aircraft LSSI companies are increasing their focus on R&D in combination with involvement of the supply chain and value network for co-development. This is supported by theory on open innovation. For some aircraft LSSI's it seems R&D is weak correlated with the benefits of it.
By analysing and measuring value-leverage structured on the analytical framework based on the indicators; continuation, conception and configuration, the research question: "How to quantify valueleverage by Large Scale System Integrators for the aerospace OEM industry?" is answered. Now companies can be measured on their value-leverage capability.
Practical contribution
Aerospace OEMs and aircraft LSSI's can now be compared on their value-leverage capability measured over a specific period of time. Supply chain rationalisation is important to fain from the leverage effect of involving suppliers, otherwise the LSSI will not benefit from it. From the analysis it seems the aircraft industry has difficulties to judge R&D efforts, and to turn the available R&D efforts into beneficial development of aircraft, matching sufficient demand. It seems there is an unbalance in some cases between R&D efforts and benefits for aircraft manufacturers as sub group of the aerospace industry. One of the reasons there is an in-balance can be found in the excessive budget and time overruns (2006) (2007) (2008) (2009) With these indicators value performance of aerospace OEM's can be assessed at a different method compared to the traditional financial reporting, as it is possible now to measure value-leverage and the balance in the value system of the aerospace OEM. The indicators also help management of aerospace LSSI's to improve their value leverage on the supply chain and thus improve the profitability.
Limitations of this study
The study is in its basics exploratory. Researchers had to come up with solutions for available data and the limitations of an industry with only a limited number of companies. The following limitations are to be mentioned:
-Available data.
-Aerospace industry.
-Indicators.
Available data
The research used secondary data, which in itself is fine. As the finances were in different currencies, translations into dollars had to be made, which has the danger of misinterpretation. Researchers used different currencies and different exchange rates (within the year of reporting) and found no differences in the conclusions. As organisations report on the complete company, researchers had to eliminate other activities from the balance sheets. That obviously is a subjective activity. Data were randomly checked with companies and they indicated that figures were about right. Furthermore, researchers did flexibility analysis and found no different conclusion with small variations in the input. Large errors are not foreseen, but could influence the outcomes. This should be compensated in further research.
Aerospace industry
This research is focussing on the aerospace industry because of the starting point within the portfolio of the Centre for Aviation. Results from other industries could function as a benchmark and also a learning perspective for this industry. Follow up research in other industries is anticipated.
Indicators
The indicators were found in three academic areas. This could be a source of bias, as no other academic areas were added. Further research on management theories, psychology or economics could give an extra dimension to the matter. Coming from an industrial environment, researchers believe that the fit to the current way of thinking in supply chains or networks is sufficient.
Recommendations for Further Research
Aerospace OEM industry needs to be further researched regarding the Engine LSSI's and the System OEM's. It is of interest to measure the difference in value-leverage performance of the separate aerospace industry branches. It is of interest to extend the research regarding the developments around Boeing with the B787. From this analysis it can be expected that Boeing will face an in-balance on value-leverage in the coming years due to development problems and time to market. By extending research over time developments regarding Boeing can be measured.
Other industry sectors like automotive, medical and construction as earlier researched by Petrick (2007) . They can be researched from this value-leverage perspective as well. It would be of interest to compare in future how these industries perform on value-leverage. They also can serve as a benchmark for the aerospace industry. The search for new variables on value-leverage is interesting for developing a value leverage assessment tool. For instance it is interesting to know if the found variables can be applied to the automotive industry, indicating e.g. what was happening with General Motors during the crises in [2008] [2009] . Besides other industry sectors can be exposed to further research, it is of interest to research first and second tier suppliers as well, until now it is not know if an integrator generates more value or the 'tier suppliers'. It seems that R&D is related to profit per employee (P/E). However, for some aircraft LSSI companies this relation is weak, which is in conflict with continuation of the specific companies. One of the researched companies, which show a large variation of the measured variables, is EADS. By this research support is found for further research on the development of the value-leverage indicators to develop a benchmarking tool for LSSI's in general.
Reflection on Airbus A380 and Boeing B787 developments
